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The existence of extraehromosomal elements in bacteria has been
long known, and recently these elements have been the subjects of ex¬
tensive study. They are known to harbor gene sequences coding for
specific antibiotic resistance, and also more importantly, they may be
used easily in the laboratory as models for studying the behavior of
DNA within living systems. For these reasons, extraehromosomal ele¬
ments are ideal in the study of molecular genetics.
In bacteria these elements have been named plasmids and have
been shown to exist in most known species of the prokaryote. The orga¬
nism, Escherichia coll, a gram negative bacteria which is non-pathogenic
and part of the normal intestinal flora in mammalian species is the most
widely studied organism. It has been found to contain many different
plasmid varieties. One such plasmid, and the subject of this study, is
the plasmid R6K, a 25 megadalton resistance factor which is self-trans¬
missible, and carries the resistance to the antibiotics amplclllln and
streptomycin. These can be used as selective markers for the growth of
the strain. The plasmid occurs at about 10-15 copies per chromosomal
equivalent (Aral and Clowes, 1975).
Plasmids have been found to function autonomously in many ways.
They can cause disease in certain plant and animal species. They have
become of increasing clinical concern in the treatment of bacterial in¬
fection, because of their ability to produce proteins which are toxigenic
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to mammalian celld of Inactivate antibiotics. They are the source of
Information for the conjugation of bacteria, and the exchange of genetic
material.
More to the advantage of society, plasmids are easily manipulated
and are therefore excellent subjects for genetic engineering. Because
of gene sequence Insertions In bacterial plasmids. Investigators are
capable of creating bacterial strains that can produce large amounts of
desired substances, most notable of which to date Is Insulin. The ques¬
tion of exactly how the plasmid relates to other cellular components Is
raised In this study. Strain RS50 harboring R6K was used In an effort
to elucidate the means by which the plasmid DNA Is maintained within the
cell. Experiments were designed to determine If bacterial plasmids are
associated to the bacterial genome (chromosome) and/or to the bacterial
envelope. Four gradient centrifugation techniques were used: the CLOS
(cleared lysate on sucrose) gradient, where cell-lysozyme mixtures were
placed on top of 10-30% sucrose gradients and then centrifuged; the cesium
chlorlde-ethldlum bromide (CsCl-EtBr) density gradients; the neutral su¬
crose Isopycnlc gradients; and the cesium chloride-sucrose double density
gradients. All of these gradients were either used to Isolate bulk
nucleoid structures, to separate plasmid DNA from chromosomal DNA, or
to separate free DNA from membrane bound DNA (as was the case with the
Isopycnlc and double density gradients).
Other techniques used were agarose gel electrophoresis, and hydro-
xylapatlte column chromatography. The results show that the plasmid does
have specific Intracellular associations, and that these associations are
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not random; rather they are specific. This opens up new avenues relative
to the function of the plasmid in the maintenance of the bacterial cell.
Evidence presented since the completion of this study indicates
that specific membrane proteins bind non-replicating plasmids to the
membrane (Archlbold, et al., 1982). This paper describes the association
of bacterial plasmid DNA to the chromosomal complex specifically, and the
relationship of the bacterial plasmid R6K to membrane.
CHAPTER II
REVIEW OF LITERATURE
The question of the precise relationship of bacterial plasmid DNA
to intracellular components is to date unanswered. The question of
chromosomal DNA and its relationship to the bacterial membrane has been
extensively studied. Jacob et al. (1963) proposed the replicon hypothesis
which stated that bacterial DNA is attached to the bacterial cell membrane,
and that this attachment is involved in the regulation of DNA synthesis.
Also suggested in this hypothesis was that the attachment is essential
for segregation of the chromosome into daughter cells. Cuzln and Jacob
(1965) later suggested the co-existence in the cell of extrachromosomal
F-factors (plasmids) and the bacterial chromosome. In this regard, Jacob
and Cuzin (1965) believed that the F-factor and the chromosome existed in
some kind of common fashion within the cell.
Kline and Miller (1975) followed with evidence indicating that some
F-plasmids cosediment with the host folded chromosome on neutral sucrose
gradients. They suggested that there is a relationship between replica¬
tive and segregative properties of F-factors and the folded chromosome.
They also proposed that RNA is somehow involved in this relationship of
the plasmid to the chromosome.
Sheehy et al. (1977) confirmed that R6K plasmid DNA in E. coll
cosediments with the bacterial chromosome. Archibold et al. (1978)
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disclosed further that both non-replicating and replicating forms of R6K
plasmid molecules cosediment with the host folded chromosomal complex
(chromosome and membrane).
As the question of how these particular associations are main¬
tained was further pursued, the Involvement of RNA and protein became
more heavily researched. The role of RNA in plasmid association to the
folded chromosomal complex was demonstrated by Archibold et al. (1978),
by the observed unfolding of the chromosome on neutral sucrose gradients
in the presence of RNase. Further, they showed that with chromosomal un¬
folding there is concommltant release of both replicating and non-repli¬
cating forms of the plasmid.
Stonington and Pettijohn (1971) suggested that chromosomes could
be Isolated which are supercolled in many different and independent do¬
mains , and that RNA and protein were responsible for maintaining their
molecular configurations. These findings were confirmed by Worcel and
Burgl, (1972). The argument for a type of RNA rather than protein in¬
volvement in maintenance of chromosomal DNA has prevailed. It was shown
that enzymatic treatment for protein digestion had little remarkable
effect on the change in the supercoil (Worcel and Burgi, 1972). Similar
digestion of folded chromosomal complexes had no effect in releasing any
associated plasmid molecules (Kline and Miller, 1975).
In an effort to further study the type of RNA involved in the
association of plasmid DNA to the folded chromosome, Archibold et al.
6
(1981) employed rifampicin in the growing cultures of ^ coli. The data
presented suggested that ^ novo synthesis of RNA is required to main¬
tain the complexing of R6K replicative forms to their sites of binding.
They further suggested that the RNAs for replication are distinct from
complexing RNAs. This evidence suggests that RNA may be responsible for
plasmid-chromosomal or plasmid-membrane complexing. To date the evidence
that membrane is involved in plasmid complexing vivo is limited and
often indirect (Korn and Thomas, 1971).
A comparison of sedimentation values of purified R6K covalently
closed circular (CCC) DNA from CsCl-EtBr density gradients and R6K plasmid
DNA prepared by the CIOS procedure reveals peak fractions at 51S and 58S,
respectively (Sheehy et al., 1977). A possible explanation for sedimenta¬
tion differences is that the R6K DNA extracted by the CLOS procedure re¬
mains complexed with membrane (Archibold, et al., 1982). This does make
the sedimentation value somewhat higher on sucrose gradients.
Womble and Round (1979) presented data demonstrating a decline a
the number of recoverable replicative intermediates with an increase in
time following a pulse label. This could be interpreted as a depletion
of the proteins essential to the initiation of replication of plasmid
DNA. If these proteins are membrane proteins, then any new data provides
a model for plasmid DNA binding which could possibly corroborate the pro¬
posed replicon theory on bacterial DNA segregation. In any case, investi¬
gators have been led, based on the replicon hypothesis, to isolate and
work with DNA-membrane fractions from bacteria (Kohlyama et al., 1977).
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The majority of evidence on bacterial DNA-membrane association is
on the association of the chromosome to the membrane. Ganeson and
Lederberg (1965) were among the first investigators to make an attempt to
describe membrane-bound DNA. Subsequently, a DNA-membrane complex of
Bacillus subtills was separated from the bulk of the membrane by CsCl-
sucrose double density gradient centrifugation (Sueoka and Hammers, 1974).
Marsh and Woreel (1977) found a 38 kllobase pair region of the E. coli
K-12 chromosome containing the replication origin, and physically mapped
the region using restriction endonucleases EcoRl and Hind III. On a con¬
tradictory note, Drlica et al., (1978) published that the associations
to the membrane were totally random sequences and that the majority of
DNA-membrane interactions were not of this type. This evidence argues
against the folded chromosome being a static structure with specific DNA
sequences interacting with the cell envelope. The latter proposal has
been thoroughly refuted. To illustrate, Nicolaldis and Holland (1978)
osmotlcally lysed spheroplasts of E. coli and found 0.2 to 1.0% of the
total cellular DNA to be associated equally between the inner and the
outer membrane components of the cell envelope. Following these find¬
ings, Wolf-Watz and Norqvist (1979) presented evidence which suggested
that binding between the inner and outer membrane and the chromosomal
DNA is specific, and involves a membrane binding protein having a mole¬
cular weight of 31,000. Further, Wolf-Watz and Masters (1979) suggested
that the 3IK molecular weight protein may mediate the attachment of chro¬
mosomal DNA sequences in the oriC region to the outer membrane, and this
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attachment may be important in partially regulating initiation of repli¬
cation. Another case in point, Nagai et al. (1980) reported results
which supported the idea that the outer membrane-DNA (chromosome) is very
much enriched for origin of replication sequences. It appears from these
findings that the attachment of bacterial chromosomal DNA is associated
at the point of the origin to the outer membrane. This is in agreement
with Wolf-Watz and Masters (1979). Additionally, the replicon hypothesis
by Jacob et al. (1963) proposed the existence of a limited number of
specific sites on the cell membrane to which extrachromosomal F-parti-
cles in E. coli may become attached. From the data presented here, this
attachment is speculated to be a necessary condition for the replication
where (i) the number of particles per cell would be determined by the
number of available sites and, (ii) their replication frequency would be
determined by the development of new attachment sites with the appro¬
priate specificity. Wolstenholme and O'Conner (1969) suggested that an
F-plasmld and bacterial chromosome be regarded as essentially equivalent
structures. In that light, the two such structures co-exist stably if
both had synonymous replication mechanisms. This would Indeed Include a
similar binding of plasmid DNA to the outer membrane of the bacterial
cell envelope. Alternatively, evidence has been presented which suggests




The bacterial strains of ^ coll used in this study were RS69
and an Isogenic derivative, RS30. Both contained the resistance plas¬
mid R6K, and are auxotrophic for threonine, leucine, thiamine and
thymine. R6K is a self transmlssable plasmid that determines resis¬
tance to the antibiotics, amplclllln and streptomycin (Aral and Clowes,
1975). The plasmid has a molecular weight of 25 x 10^ (Kontomlchalou
et al., 1970), and exists as 10-15 copies per chromosome equivalent
(Aral and Clowes, 1975).
MEDIUM
The S3rnthetlc medium used was a minimal salts solution (Curtiss,
1965) supplemented with 0.5% Casamlno acids, 0.5% glucose, and 2ug of
thiamine hydrochloride per ml. Streptomycin (200yg/ml) and amplclllln
(40pg/ml) were added to select for the cells harboring R6K. Thymidine
was used at 40vg/ml initially in all cultures, and later removed to
favor the uptake of trltiated thymidine. On occasion, and for the ex¬
periments in which large volumes of cells were grown, nutrient medium
was used (L-Broth), in which case only the antibiotics were added.
PURIFICATION OF COVALENTLY CLOSED CIRCULAR R6K PLASMID DNA ON CESIUM
CHLORIDE-ETHIDIM BROMIDE (CsCl-EtBr) DENSITY GRADIENTS
The procedure of Clewell and Hellnskl (1969) was followed. Cells
were grown overnight in minimal salts with supplements. They were then
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Inocxilated into 1 L of fresh medium, and allowed to grow at 37C until
they reached an optical density of 0.35 to 0.45 at a setting of 620nm.
Cells were pelleted in four 250 ml volumes in the J21B centrifuge at
7K/10mln/5C. Pelleted cells were pooled into two tubes and washed two
times in twenty ml of NACL-EDTA solution (O.IM NaCl, O.OIM EDTA, O.OIM
Tris, 3% sucrose). Then they were centrifuged at 10K/10min/5C. Cells
were resuspended in a final volume of 30ml (six 5ml volumes, 20% su¬
crose in O.OIM Tris). One ml of freshly prepared lysozyme made in TES
buffer (0.03M Tris, 0.005M EDTA, 0.05M NaCl, pH 8) at a concentration
of 5mg/ml was added to each of the six tubes. After 5 min at room tem¬
perature, 2 ml of 0.25M EDTA, pH 8, was added to each tube. Another five
minutes was allowed to pass, and then to each of the six tubes was added
1 ml of predigested protease made in TES buffer at 5mg/ml. After another
five minutes an equal voliime of lytic mixture (10% triton in O.OIM Tris,
10% deoxycholate in O.IM Tris, IM Tris, and 0.25M EDTA, pH 8) was added
to each tube and allowed to stand at room temperature and/or Incubated
at 37C for 5-15 minutes in order to lyse the cells. The lysates were then
spun 15K/15 mln/5C, and the supernates were collected in plastic con¬
tainers. The samples were than concentrated to approximately 30 ml by
placing them in dialysis tubing and immersing them in crushed polyethylene
glycol for 90-120 min at 5C. After concentrating, the samples were ready
to be prepared for the CsCl-EtBr gradients. Samples were then mixed with
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an appropriate amount of CsCl in 11 ml polyallomer tubes to give an average
density of 1.54. Then, 0.1ml of ethidium bromide was added and the en¬
tire sample was mixed thoroughly by inversion of the tube. The remaining
volume was filled with mineral oil so as to create a vacuum resistant
liquid medium. Tubes were Inserted into a 50Ti rotor and centrifuged in
the Beckman L5-50 or L5-65 ultracentrifuges for 42K/36hr/20C. Following
centrifugation, samples were viewed under the ultraviolet lamp, and if
the samples were radiolabled, then they were fractionated. In general,
bands were drawn from the gradient by the Insertion of a hyperdermlc
needle. Samples were subjected to three successive washes in Isopropanol
to remove the dye, and then dialysed against phosphate buffer (0.25M
sodium phosphate in TES) at a rate of 1 liter buffer/ml of sample. A
total change was employed every 12 hr for a period of 72 hr. Samples
collected from the bottom were done so in plastic trays, fractions
spotted on filter paper strips, counted in Beckman LS 250 or LS 7000
scintillation counters, and pooled in accordance with their respective
densities (chromosome and plasmid).
THE CLOS (Cleared Lysate on Sucrose) ANALYSIS OF PLASMID DNA
Sucrose gradients were made of 10-30% sucrose solutions, pH 8,
and made in 0.5M NaCl, Q.005M Tris, 0.005M EDTA. They were pumped into
5ml polyallomer tubes and layered in the cold (5C). To recover bulk
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chromosomal complexes, gradients were centrifuged at 16K/7min/4C if no
enzyme intermediate layer was used, and 16K/25min/4C if an RNase inter¬
mediate layer (5mg/ml in 0.005M EDTA, 0.005M Tris, 0.5M NaCl, 7% sucrose,
pH 8) was used (Fig. 1).
The Pulse-Chase Experiment; Isolation of Replicative Intermediates
Cells were grown overnight and inoculated into fresh minimal salts
medium, usually 30ml. They were shaken on a 37C water bath until an
optical density of 0.06 was achieved. If [^^C]-glycerol was used to label
membrane, 20ml of the culture was removed, and the remaining 10ml of the
culture was labeled with 0.5 Ci/ml of the [-glycerol. When no glycerol
was used, cells were grown to OD of 0.25-0.35 in the presence of [^^CJ
Thymidine. Cells were then harvested by conical tube centrifugation (ster¬
ile technique) , and resuspended in prewamed minimal medial without thy¬
mine. Cells were starved on the 37C water bath for 30 minutes. Following
starvation, they were pulsed for 15 s with [%] thymidine (40 Ci/ml) and
immediately removed to crushed ice containing 0.2M KCN, 0.5M NaCl, 0.005M
Tris, and O.OOIM EDTA, pH 8). The mixture was then vigorously vortexed
to ensure that every cell got adequate exposure to the KCN. Cells were
then pelleted at 10K/10min/5C and resuspended in buffer (0.5M NaCl, 0.005M
Tris, 0.005M EDTA, 5% sucrose, pH 8. Cells were then treated with Lysozyme
(lOmg/ml in buffer without sucrose) and layered on sucrose gradients.







ANALYSIS OF THE CHROMOSOMAL COMPLEX ON CESIUM CHLORIDE-SUCROSE DOUBLE
DENSITY GRADIENTS
The cesiiun chloride-sucrose solutions were made in 10 and 20% su¬
crose with 0.084g CsCl/ml and 0.84g CsCl/ml, respectively. Gradients were
pumped into 11ml tubes using the gradient maker. Samples of the bulk chro¬
mosomal complex from CLOS gradients were layered on the gradients in a
volume of 0.8ml. Centrifugation was performed at 36K/18hr/4C. Samples
were collected in trays, spotted in 25 ul aliquots onto blotter paper
strips. The strips were dried, washed in 5% trichloroacetic acid (TCA)
followed by 10% TCA, and then 95% ethanol and acetone. Strips were dried
and placed in scintillation vials and counted in Beckman LS250 or LS7000
liquid scintillation counters.
THE ISOPYCNIC SUCROSE GRADIENT
Cells were grown overnight and inoculated in the standard proce¬
dure as outlined. After labeling the cells and allowing them to reach
the required optical density, they were harvested and resuspended in
2.5 ml resuspension buffer. Lysis was carried out using sonication, at
a setting of 3.5. The bursts were 10s each with interruptions of 30s on
ice. Total sonication time was 30s. Following sonication, samples were
centrifuged at 3000 x g in order to remove the debris. The supernate
was decanted into another centrifuge tube and centrifuged at 100,000 x
g for one hour in order to pellet the cell envelopes and DNA complexes
(Osborne, et al., 1972). The supernatant was discarded and the pellet
was resuspended in 2.0ml of resuspension buffer. The sample was then
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ready for layering onto the isopycnic gradients. The 30-50% gradients
were prepared as follows: one half ml of 60% sucrose in saturated CsCl
was delivered as a shelf to the bottom of 11 ml polyallomer tubes.
Successively, 2.0 ml of 50, 45, 40, 35, and 30% sucrose made in TE buffer
(0.5M NaCl, 0.05M Tris, 0.005M EDTA pH 8) were layered onto the gradients.
Finally, the sample was layered onto the top. Care was taken not to mix
the layers during handling, and the sample was always dialyzed to reduce
the concentration of sucrose to below 30%. Gradients were spun in the
SW41 rotor at 36K/18hr/4C. Samples were fractionated as previously
described.
AGAROSE GEL ELECTROPHORESIS: Preparation of the gels
. The gels were prepared by adding 7 grams of SEAKEM agarose to one
liter of IX Tris-Borate buffer (0.9M Tris, 0.025M EDTA, 0.9M Boric acid,
pH 8.3). This gave a final concentration of 0.7% Agarose. The mixture
was autoclaved to affect the dissolution of the agarose powder, and for
purposes of sterilization. The solution was cooled to a temperature of
65C, and poured into the electrophoresis bridge to a thickness of 2-5mm.
The comb was placed in the appropriate position for well formation and
allowed to cool until solid. On occasion, 0.5ijg/ml EtBr was added to
facilitate staining during electrophoresis. Once solid, the bridge was
placed into the apparatus so that one wick was in the positive chamber
and the other in the negative chamber. Both contained IX borate buffer.
The comb was carefully removed so as to preserve well formation.
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Preparation of the samples for electrophoresis
Fully dialyzed samples were read on the UV spectrophotometer for
optical density at 260 nm. Then a volume of the DNA was added to a clean
test tube to give at least lyg of DNA. An equal volume of Trls-MgCl2
buffer (200mM Trls, lOOmM NaCl, and 12mM MgCl2) was added to the tube.
To restrict with EcoRl, one unit of the enzyme/yg DNA was added to the
mixture and It was Incubated for 30 min at 37C. Following the Incuba¬
tion, 5yl of stop solution (5% sodium dodecyl sulfate, 25% glycerol, and
0.025% bromophenol blue) was added and the samples were heated at 65C
for 5 min. Samples were delivered Into the wells with a 25yl pipette.
They were then electrophoresed at lOOV for 5-10 min In order to move the
samples Initially Into the gel. Then the voltage was reduced to 50V,
and the samples were rvin for 12-18 hr. Following electrophoresis,
gels were removed by cutting them with a knife. They were stained with
ethldlimi bromide for 30 min In subdued light. Gels were viewed under
ultraviolet light, and photographed on Polaroid type 55 black and white
positive/negative film using a red-orange filter //12.
DNA-DNA HYBRIDIZATION AND HYDROXYLAPATITE COLUMN CHROMATOGRAPHY
The procedure followed was described by Miller et al., (1978).
Into a plastic tube was delivered 0.25ml of [%] thymidine labeled CCC
DNA, and a 10,000 fold excess of non labeled DNA. The mixture was soni¬
cated for 2 min with 15 s bursts Interrupted with one minute Intervals
on Ice. Following this procedure, the samples were denatured for 5 min
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at lOOC after bringing the volume up to 1 ml using 0.12M phosphate buffer
(PB) made up with 0.1% Dodecyl sodium sulfate (SDS). The samples were
incubated at 67C for a designated period, and then removed and immediately
placed on the column. Samples were eluted from the column with four suc¬
cessive washes of 0.12M PB, then followed with five washes of 0.4M PB.
All washes were eluted into separate tubes. The washes were brought to
a volume of 3 ml with distilled water, and then mixed with 10 mis of
Beckman Ready Solv MP in scintillation vials.
EXPERIMENTAL RESULTS
ISOLATION OF R6K PLASMID DNA
Cells harboring R6K plasmid DNA were grown exponentially in the pre¬
sence of [^Hj-Thd. The cells were harvested, lysed and centrifuged on
cesium chloride-ethidium bromide gradients according to the procedure of
Clewell and Helinski (1970) (see Materials and Methods). These results
are seen in figure 2. The results indicate that R6K plasmid DNA can be
Isolated as covalently closed circular (CCC) monomer molecules on density
gradients. Samples of purified CCC R6K plasmid DNA and phage lambda DNA
were electrophoresed on agarose slab gels following treatment with restric¬
tive endonuclease EcoRl. The phage DNA served as a molecular weight mar¬
ker, and when restricted with EcoRl, it yields six fragments (fig 3).
Similarly, EcoRl restricts R6K in two locations generating two fragments
of 10 and 15 megadaltons in molecular weight. These results (fig. 3) con¬
firm that R6K was purified on the CsCl-EtBr density gradients.
RELATIONSHIP OF NON-REPLICATING AND REPLICATING FORMS OF R6K PLASMID DNA
TO THE CHROMOSOMAL COMPLEX
Cells harboring R6K were grown exponentially and lysed on top of
CLOS gradients. Growth was allowed in the presence of [^Hj-Thd. Samples
were centrifuged and R6K was found to sediment at 58S. Purified samples
of CCC were obtained from density gradients as described above and cen¬
trifuged on CLOS gradients. These were found to have a sedimentation
value of 51S (Sheehy, et al., 1977). It is presimed that the salt in the
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Figure 2. Profile of radiolabeled DNA in RS50 on CsCl-EtBr gradients.
CCC represents covalently closed circular duplex form of
R6K plasmid DNA. OC/L represents open circular DNA or
linear fragments of chromosome and/or plasmid, respectively.
19
Figure 3. Agarose gel electrophoresis of R6K DNA. Lanes 1'and 2 are
the CsCl-EtBr purified plasmid DNA restricted with EcoRl
to give two fragments of 10 and 15 megadaltons. Lane 3
is the unrestricted purified R6K plasmid DNA. Lane 4 is















dye-bouyant density gradient removes any associated protein (Clewell and
Hellnski 1969), and therefore renders "naked" plasmid DNA which sediments
slower. The fact that material sedimenting at 58S Is Indeed plasmid was
confirmed by r.ecentrifuging It on the dye bouyant density gradient. A
band In the CCC region was recovered (data not shown).
In a subsequent experiment, cells of strain RS50 (R6K) were uni¬
formly prelabeled with [^^C]-Thd during exponential growth, and then
pulse labeled for 20s with [^H]-Thd. Samples were lysed on top of neu¬
tral sucrose gradients in the absence and presence of RNase as described
in the Materials and Methods section (fig. 4 shows these results). The
[^^C] labeled plasmid was found to sediment as predominantly 58S. By
comparison, the pulse labeled forms sediment at a rate of 79S. In fig.
4A, cells were lysed and centrifuged in the absence of an RNase interme¬
diate layer on the gradient. Recovery of pulse labeled forms was
negligible. However, when passed through RNase intermediate layers, a
large peak of [^H] pulse labeled forms were recovered (fig. 4B).
EFFECTS OF CHROMOSOMAL UNFOLDING ON THE RECOVERY OF R6K REPLICATING AND
NON-REPLICATING FORMS
In order to examine the effects of varying NaCl concentrations on
the recovery of R6K, cells of RS50 (R6K) were lysed and centrifuged under
varying salt conditions. The stability of the folded chromosome decreases
with the decrease in the Na"*" ion concentration. It is suggested that the
Figure 4. The release of R6K plasmid on neutral sucrose in the absence
(A) and presence (B) of RNase. Cells harboring R6K were pre¬
labeled with [l^C]-Thd (*0") and pulse labeled with [^Hj-Thd
(-•") for 208 as described in the text. Gradients were frac¬




decrease in positive ions allows for the Increase in electrostatic re-
piilslve forces between the phosphates in the DNA molecule. Lysis and
centrifugation of pulse labeled samples was done in 1.0, 0.75, 0.5, and
0.25M NaCl. Results of these experiments are presented in Table 1.
There was an Increase of the recovery of non-replicating forms as the
salt concentration decreased. Conversely, there was no significant
release of the replicating forms as a function of the reduction of NaCl
concentration.
With an addition of RNase as an intermediate layer on the CIOS
gradients, there was an unfolding of the chromosome in all NaCl concen-
traatlons with a concommltant release of both the replicating and non-
repllcatlng forms of the plasmid. Pronase was added as an intermediate
layer in each salt concentration as well, and resulted in neither affect¬
ing the unfolding of the chromosome nor releasing of replicating forms
of this plasmid. In very low salt concentrations (0.25M), Pronase did
effect the release of both forms essentially equivalent to that released
by RNase under the same conditions.
ISOLATION OF DNA-MEMBRANE COMPLEXED FRACTIONS ON CSCL-SUCROSE GRADIENTS
The CsCl-sucrose gradient allows density separation of the follow¬
ing components of the chromosomal complex: Free DNA with a density of
1.712g/cc; DNA which is bound to membrane with a density of 1.35 g/cc;
and membrane with a density of 1.24 g/cc (fig. 5 is a general schematic
of these profiles). The gradient is prepared in a linear fashion and
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the samples from the CIOS gradients are layered directly on the gradient.
The usual procedure employed here was to vortex the samples In an effort
to shear the large pieces of DNA from the membrane. It has been reported
that only 4% of the total DNA remains on the membrane (Nlcolaldls and
Holland, 1978). Pulse labeled samples were centrifuged and bulk chromo¬
somal complexes were recovered as described In the Material and Methods
section. Fig. 6 represents the 20s pulse and hOOs chase with thymidine
(non-labeled) In excess. Membrane fractions were labeled with [^^C]-
glycerol. Bracket "1" In fig. 6A represents the pooled bulk area of the
folded chromosomal complex, and contains 86% of the pulse counts and 69%
of the glycerol counts. This pooled area was placed on the CsCl-sucrose
double density gradients. The results were that 3% of the total pulse
counts were found associated to the membrane, while 91% of the pulse
counts banded In a region free of membrane (fig. 7A, Table 2). Bracket
"2" In fig. 6B represents the pooled bulk area of the chase, and contains
67% of the pulse counts, and 69% of the glycerol counts. This area also
was subjected to the double density gradient centrifugation, and the re¬
sults show 3% association to membrane while 93% of the counts band In a
region free of membrane, as shown In fig. 7B and In Table 2.
This procedure does not distinguish chromosomal attachment from
that of plasmid complexlng to membrane. However, hybridization of puri¬
fied R6K plasmid DNA would allow for the determination of that portion
corresponding to R6K attachment to membrane (see fig. 8, Table 3).
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Table 1. The effects of NaCl concentrations on the recovery of replicating
and non-replicating R6K plasmid DNA on CLOS gradients








1 1.0 M NONE 2.0 n.s 3800 S
2 1.0 M RNase 8.0 8 500 S
3 1.0 M Pronase 2.0 n.s. 3800 S
4 0.75 M NONE 4.0 n.s. 3800 S
5 0.75 M RNase 8.0 8.0 500 S
6 0.75 M Pronase 5.0 1.0 3700 S
7 0.50 M NONE 5.0 n.s. 3400 S
8 0.50 M RNase 8.0 10.0 500 S
9 0.50 M Pronase 5.0 n.s. 3400 S
10 0.25 M NONE 7.0 n.s. 700 S
11 0.25 M RNase 8.0 6.0 500 S
12 0.25 M Pronase 8.0 7.0 700 S









REASSOCIATION KINETICS OF R6K PLASMID DNA
Reassociation experiments were carried out using the technique
of Miller et al. (1978), as described in the text to determine if R6K
molecules were complexed in DNA-membrane complexes isolated in fig. 7.
Preliminary work is presented here, showing the Cot curve of R6K plas¬
mid DNA. Cot 1/2 is the time that it takes for one half of all the
molecules to reassociate, and in this case was found to be 55.4 hr.
Table 3 is the composite data for reassociation kinetics for R6K plasmid
DNA.
ANALYSIS OF R6K-MEMBRANE COMPLEXES ON SDCROSE ISOPYCNIC GRADIENTS
The separation of various membrane fractions was achieved by a
procedure described by Osborne et al. (1972). In this procedure, it is
possible to separate and identify the inner and outer membrane fraction
of the cell envelope on the basis of density on isopycnic sucrose
gradients. Analyses of the polypeptide content of the two membrane
fractions has been shown to be quite distinct (Archibold, et al., 1982),
and is the basis for their separation. In these gradients, the inner,
outer and unseparated membrane fractions have densities of 1.14, 1.22
and 1.19 g/cc, respectively.
As can be seen in fig. 9A, cells lysed and centrifuged in the ab¬
sence of salt result in the separation of total membrane into inner memr
brane (IM) and outer membrane (OM) components. Conversely, lysates in
Figure 6. Isolation of bulk nucleoid in pulse (A) and chase (B) sam¬
ples. Cells were prelabeled with [l^C]-glycerol (-O') and
pulsed with [%]-Thd (■♦■) for 20s. This was followed by
a 600s chase with excess non-radioactively labeled Thymi¬
dine as described in the text. Areas 1 and 2 were pooled




Figure 7. Profile of CsCl-sucrose gradients of pulse-chase samples
pooled from slow speed CLOS gradients in the pulse-chase
experiment. Panel A represents pooled area one from pulse
sample, and panel B represents pooled area two from chase
sample. Cell membranes were labeled [^^C]-glycerol (^)
and DNA was labeled with [%]-Thd (-♦'). Gradients were
fractionated from the bottom
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Table 2. Summary of the percent distribution of [^H]-Thd counts and [^^C]-glycerol counts
in CLOS (pulse-chase) and CsCl-sucrose double density gradient




% Distribution of CPM in
Mem-DNA Fractions in Fig. 7
Sample
Pooled
Area I^Hl-Thd [l^C]-Glycerol [3H]-Thd [^^C]-Glycerol
Pulse 1 86% 69% 3% 27%
Chase 2 67% 69% 3% 16%
Figure 8. Cot curve for R6K plasmid DNA. Samples were reassociated as





Table 3. Summary chart of reassoclatlon kinetics data for R6K plasmid DNA.
Samples were allowed to reassociate for 90 hrs. Percent annealment
was calculated by total counts in double strand washes (0.4M PB,
see text) divided by the total CPM.









1 ( 0 hr) 20.7 0 3366 3544 100
2 (.25hr) 20.4 1.6x10"! 3366 4154 100
3 ( .5hr) 28.0 3.2x10-1 3366 5131 100
4 ( Ihr) 20.4 6.a5xl0"l 3366 4196 100
5 ( 2hr) 23.8 0.13x10 3366 3878 100
6 ( 16hr) 43.5 1.04x10 3366 3588 100
7 ( 24hr) 52.0 1.56x10 3366 2889 85.8
8 ( 90hr) 58.4 5.85x10 3366 2563 76.1
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0.5M NaCl (fig. 9B) maintained the integrity of the total membrane (TM),
and there is a reduction in the amount of IM and OM components. Free DNA
bands at the top of the gradient, and these results are consistent with
the findings of Osborne, et al. (1972).
In view of the results obtained as described above, non-repllca-
tlng forms of R6K plasmid DNA were isolated on CLOS gradients (0.5M
NaCl) in the presence and absence of RNase. Samples were analyzed on
the sucrose Isopycnlc gradient in the presence of 0.5M salt. Note that
these conditions maintain the integrity of the total membrane. Fig. 10
shows these results. In both the presence and absence of RNase, two
plasmid bands were observed, which indicate two density forms of the
plasmid released on sucrose gradients. However, samples exposed to
RNase showed a much greater recovery of the denser form of the molecule
in the region of the total membrane. These results suggest that membrane
complexed R6K molecules can be released as freely sedimenting forms on
CLOS gradients.
Figure 9. Profiles of isopycnic gradients in tHe presence of O.OM and
0.5M NaCl. Low salt allows complete dissociation of inner
(IM) and outer membranes (OM) (A), ifembrane is labeled with
[l^C]-glycerol (■^) and DNA with [^Hj-Thd (-♦"). When the
cells are lysed in the presence of 0.5M NaCl, the total mem¬
brane (TM) integrity is preserved (B).
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Figure 10. Profiles of isopycnic gradients of pooled samples of R6K from
CLOS gradients. Cells were grown in the presence of [%]-Thd
(-•-) and [^^C]-glycerol (-0-) plasmids were Isolated in the
presence and absence of RNase on the CLOS gradients. Samples
not exposed to RNase (A) show the plasmid released in two
different density forms. Samples exposed to RNase (B) re¬
leased two forms also; however, there is a much greater re¬




Plasmid DNA was effectively Isolated In CsCl-EtBr gradients
(Clewell and Hellnskl, 1969), and purity was further demonstrated by the
use of agarose gel electrophoresis. This paper basically demonstrates
that plasmid molecules exist within the bacterial cell with particular
and distinct associations to other cellular structures. We have clearly
demonstrated that plasmid DNA has a sterlc, If not chemical relationship
to the bacterial genome, and It also has a structural and more than likely
functional relationship to the bacterial membrane.
Sodium chloride was found to have a very marked effect on chromo¬
somal configuration In a series of neutral sucrose gradients. The basic
trend was that the reduction of salt concentration from IM to O.OOM In
0.25M Increments shows a concommltant unfolding of the bacterial chromo¬
some (Archlbold et al., 1978). There was also an Increase In the amount
of. non-repllcatlng plasmid DNA recovered as freely sedimenting as the salt
was decreased, and the chromosome unfolded. This clearly showed that there
Is a relationship of these two DNA molecules If nothing more than sterlc
association. Sodium Ions congregate around the electronegative phosphate
Ions which protrude from the helical DNA molecule. In a hypotonic medium,
these phosphate groups tend to repel each other; therefore, pushing the
molecule out of Its Indigenous tight coll and Into a relaxed state (Drllca
and Worcel, 1975). The experiments were rm on samples which had been
pulse labeled as well, and It was found that copies of R6K replicative
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Intermediates were not released based on the salt concentration exclus¬
ively. Only with the addition of RNase to the gradient were replicating
molecules released. The release of non-replicating forms with a stable
folded chromosome was achieved at optimum in 0.5M NaCl, which showed that
even with RNase treatment, the sodium chloride concentration remained
very important. However, only RNase was successfully employed to release
the replicating forms. Additionally, we used Protease, but observed no
marked difference in its effects with the exception for the release in
--low salt of more copies of non-replicating forms.
These data do demonstrate the association of replicating forms to
the chromosomal complex (chromosome plus membrane) and that there must be
some type of RNA linkage that is essential to replication of the plasmid,
and that the RNA is not simply the RNA cores that are known to help main¬
tain the configuration of the superhelix (Stonington and Pettljohn, 1971
and Worcel and Burgl, 1972). Further experimentation has shown that the
RNA which is tied to the replicating plasmid is not the RNA responsible
for the Initiation of DNA systhesls, and can be inhibited by the use of
Rlfamplcin (Archlbold, et al., 1981).
Bacterial DNA is also found to be associated to the cell envelope
(Sueoka and Hammers, 1974 and Nagal, et al., 1980). Specifically, the
chromosome is found to associate in a sort of Intercollated manner between
the inner and outer membranes of the envelope (Nlcolaidis and Holland,
1978). The question of whether this association includes plasmid DNA, or
is restricted to the chromosomal DNA has been asked (Archlbold et al.,
1982). We have shown that there is also a relationship of the plasmid to
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the membrane, which is included in the 3% of radiolabel of total DNA
found on the membrane. Experimentation with the CLOS method followed
by placing the samples on double density gradients (data not shown),
and on neutral sucrose isopycnic gradients show clearly that these mole¬
cules are associated. We were also able to show that for plasmid DNA,
the association to inner and outer membrane fractions appears similar
to the profiles obtained for chromosomal DNA. Data have been reported
that links the chromosome to the membrane for the purpose of replication,
and it is suggested that certain membrane proteins are Involved
(Nicolaidls and Holland, 1978).
The data using the isopycnic gradient suggest the association of
plasmid to the membrane and the apparent preferential association of the
replicating forms. Archlbold, et al. (1982) have produced data which
demonstrate further that non-replicating forms are membrane associated at
a rate of one out of every six plasmid molecules. This suggests a speci¬
ficity for plasmid association within the membrane, and such specificity
appears to have functional value.
The Importance of proteins in the process of DNA replication is
not known. Proteins found on membrane are to this point thought to be
structural in nature, which means that DNA-membrane protein interaction
is more likely for some type of anchoring purpose, primarily. However,
because there is a preferential association of replicating vs. non-repli-
catlng forms of R6K, the question as to what the difference is must be
asked. This would further elucidate the issue of what functioned role
the membrane does play in addition to its structural role.
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The preliminary work using the reassociation experiment opens an
avenue to explore exactly how plasmid DNA is membrane associated. Fig.
11 is a proposed experimental protocol, which is a logical course to
follow in regard to the description of R6K maintenance and replication.
The hybridization of purified R6K fragments which have been generated by
restriction with EcoRl and contain the point of origin to DNA which is
membrane bound may be carried out to arrive at data which exactly de¬
scribes whether the point of origin is preferentially associated, and if
so in what quantity. The procedure employed by Miller, et al. (1978)
using ColEl plasmid was found to be workable and is suggested for further
work with R6K.
Figure 11. Schematic suggested as an experimental protocol for the














Based on this study, the following conclusions have been drawn
with regard to the replication and maintenance of.R6K plasmid DNA in
E. coli.
(1) Sodium chloride concentration in the lysis medium and gradients
is critical to the maintenance of the chromosomal configuration,
and in the lower salt concentrations, the chromosome becomes un¬
folded.
(2) The plasmid has a relationship to the chromosome, both in repli¬
cation and non-replication. There is a preferential association
of the replicating forms to the chromosome.
(3) RNA is responsible for the preferential association of the repli¬
cating forms to the bacterial chromosome.
(4) The bacterial genome is associated to the membrane in about 3%
of the total DNA.
(5) The bacterial plasmid is associated to the cell envelope, and pro¬
bably the inner membrane exclusively. There is a preferential
association of replicating forms, though in what quantity it is
not clear, to the bacterial membrane.
(6) Further work is proposed using membrane protein analysis to deter¬




(7) Further work is also proposed using DNA-DNA reassociation to quan¬
titate the amount of R6K plasmid DNA which is membrane associated.
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